ABSTRACT. Two dogs with severe exercise intolerance (Cases 1 and 2) and another dog with cardiac dilation (Case 3) were referred to the Nihon University Animal Medical Center (ANMEC). Case 1 was diagnosed as pericardial effusion (PE), Case 2 as pericardial hemorrhage, and Case 3 as pericardiophrenic hernia. When these causative disorders were removed, the heart expanded, and clinical symptoms markedly improved in these three dogs. In particular, the cardiac chamber diameters and left ventricle fractional shortening (LVFS) was normalized in all 3 dogs postoperatively. There is only one case report that compares before effusion extractions in the pericardial sac with the after echocardiography findings. In this paper, echocardiography was conducted on the three endocardial disease cases, comparing before removing these causative disorders with the findings after echocardiography. KEY WORDS: canine, echocardiography, intra-pericardial disorder.
Although a small amount of pericardial effusion (PE) is observed even in the normal pericardial cavity [8] , an increased amount of PE impairs cardiac function by compressing the heart [4] . Nonphysiologic PE is roughly classified into transudate PE, exudative PE and hemorrhagic PE [9] . Transudate PE is induced by congestive heart failure, hypoalbuminemia, and pericardiophrenic hernia, whereas exudative PE is frequently induced by infections that cause pericarditis [3, 6] . Furthermore, hemorrhagic PE is frequently induced by tumors such as hemangiosarcoma [7] .
Three dogs were referred to the Nihon University Animal Medical Center (ANMEC) due to heart failure. Echocardiography (EUB565A, HITACHI, Tokyo) was conducted with the dogs in right lateral recumbency and the transducer was placed at the 4th to 6th intercostal spaces. Right parasternal short-axis view of the left ventricle (LV) images at the level of the chordae tendinea was used in those cases.
Case 1: This patient was a 9-year-old castrated male mongrel dog. The body weight was 11.9 kg. At the initial consultation, this dog demonstrated anorexia, dyspnea and collapse. Physical examinations revealed forced respiration and pale mucosae. The heart sound was not clearly heard despite the absence of cardiac murmur. Clinical laboratory examinations revealed the presence of slight anemia (PCV: 33%, RBC: 410 × 10 4 /µl, hemoglobin: 8.8 g/dl) and increased alanine aminotransferase (ALT) levels (190 IU). Thoracic x-ray revealed pleural effusion (PLE) and enlargement of the cardiac silhouette. The R waves of the ECG were only 0.5 mV. Echocardiography revealed that the heart was severely compressed by PE (Fig. 1) , together with pulmonary stenosis.
Under general anesthesia (Isoflurane [RHONE-POU-LENC], Rhodia Organique Fine Limited, UK), clear PLE was collected by thoracocentesis with an indwelling 22G needle. Subsequently, the PE was removed under echocardiography by inserting an indwelling 18G needle through the left thoracic wall between the 5th and 6th intercostal spaces. Pericardiocentesis yielded 165 ml of clear fluid with a specific gravity of 1.032 and a protein concentration of 4.5 g/dl. The PE removed contained a small amount of poikilocytes and lymphocytes. From these findings, case 1 was thought to be PE caused by pulmonary stenosis.
Case 2: This patient was an 8-year-old castrated male Golden Retriever weighing 40 kg. This dog was referred to the ANMEC due to acute dyspnea, exercise intolerance, abdominal distention, forced respiration and cyanosis. The heart sound was barely audible during auscultation. Hematological examinations revealed a WBC count of 31,000/µl and total protein (TP) of 5.3 g/dl , and blood biochemical examinations revealed slight abnormalities: alkaline phosphatase (ALP): 305 U/l , bilirubin: 0.6 mg/dl and glucose: 141 mg/dl . Thoracic x-ray revealed the presence of PLE and enlargement of the heart, and abdominal x-ray revealed hepatomegaly. The R waves of the ECG were only 0.9 mV. Echocardiography revealed that the heart was severely compressed by PE and a mass was localized at the base of the heart. In the dog generally anesthetized, the PE was removed under echocardiography with an indwelling 18G needle. As a result, 520 ml of sanguinolent PE was removed. From these findings, case 2 was thought to be PE caused by the hemangiosarcoma. Case 3: This patient was a 15 month old castrated male mongrel dog. Body weight was 11 kg. This case was referred to the ANMEC from a practitioner for further examinations of cardiac dilation, but this dog showed normal respiratory conditions, mucosal color and femoral arterial pressure without showing any specific clinical symptoms. The heart sound from the right side could not be heard despite the absence of cardiac murmur. Hematological examinations revealed slightly increased serum glucose levels (141.2 mg/dl ). During preoperative ECG, the amplitude of R waves on II lead was only 1.05 mV. Thoracic xray revealed a noticeably enlarged cardiac silhouette.
In echocardiography, a long-axis four-chamber view obtained by a left parasternal approach revealed that the heart was compressed by a mass between the right atrium and ventricle. Due to mass-induced stenosis of the inflow tract, pulsed doppler echocardiography revealed a reversion between E and A waves, and increased right ventricular (RV) inflow velocity in the tricuspid region (0.86 m/sec for E wave vs. 1.21 m/sec for A wave: Fig. 2 ). Gastrointestinal radiography with contrast medium was performed, and it was confirmed that part of the small intestine had invaginated the pericardial cavity. Based on these findings, this dog was diagnosed as having pericardiophrenic hernia.
LV short-axis echocardiograms revealed a compressed heart apparently expanded after removal of the PE or mesenteritis fat in all cases (Table 1) . Clinical symptoms were apparently improved after the PE removal, resulting in the recovery of appetite and improvement in respiratory conditions in cases 1 and 2.
Although systolic blood pressure (Dinamap, CRITIKON, Inc., Tampa, Florida) in cases 1 and 2 noticeably increased postoperatively, preoperative blood pressure levels were in the normal range in case 3 (Table 1) . Furthermore, the heart rate was decreased in all 3 dogs postoperatively due to decreased stimulation of the sympathetic nerves. The amplitude of electrocardiographic R waves was increased in all dogs postoperatively (Table 1) . It was previously reported that electrocardiograms change with the volume of the PE [2] . It was therefore considered that the amplitude of R waves was electrically increased after the removal of the PE. There is only one case report that compares before effusion extractions in the pericardial sac with the after echocardiography findings [1] .
The following echocardiographic findings were commonly observed in these 3 dogs postoperatively: marked increases in both the left ventricular end-diastolic dimension (LVEdD) and left ventricular end-systolic dimension (LVEsD); decreases in both the interventricular septal diastolic thickness (IVSd) and interventricular septal systolic thickness (IVSs). These findings demonstrated that the interventricular septum (IVS) was noticeably compressed by PE, probably because the IVS was influenced by both intra LV and RV pressures, which further compress the IVS. Although left ventricle fractional shortening (LVFS) in case 1 and case 3 was in the normal range (case 1: 42.7%, case 3: 52.1%) and case 2 had a 9.4% abnormally low value before removal of these causative disorders, the LVFS was normalized in all three cases after removal of the PE.
The period between the manifestation of clinical symptoms and the start of the treatment was prolonged in cases 1 and 3. Case 1 was brought to the ANMEC 16 days after the manifestation of clinical symptoms. And pericardiophrenic hernia in case 3 was thought to be a congenital disorder. It seemed that LVFS had shown a normal range in these two cases because the cardiac performance had been adapted by a chronic long period of cardiac compression. On the other hand, the cardiac performance was not able to be adapted to case 2 by a rapid stagnation of PE, therefore it was assumed that LVFS had indicated a low value.
Furthermore, abnormally increased blood flow was observed in the tricuspid region of the right ventricle, together with a reversion between E and A waves in the RV inflow velocity patterns. Therefore, it was considered that case 3 had RV diastolic dysfunction caused by the mass. Nevertheless, the reversion between E and A waves was normalized after reduction of the pericardiophrenic hernia (E: 0.68 m/sec, A: 0.40 m/sec: Table 1 ). Pericardiophrenic hernia is usually complicated by dyspnea, and should be differentiated from cardiac dilation [5] .
In this study, it was revealed that echocardiography for intrapericardial disease is important in order to establish an early diagnosis and to evaluate parameters of cardiac function such as the LVFS.
